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DISCUSSION 


EK. L. FrevtpHamMer,’ J. M. ASCE.—Extensive use of The Highway Ca- 
pacity Manual,? to which Mr. Normann refers, during the design of an express- 
way facility, proved it to be an invaluable aid in determining the geometric 
requirements of the expressway itself, as well as the capacity of the city street 
system into which the expressway traffiic emerged. 

However, in attempting to ‘“***compare the capacity of an entire street 
system, as it is being operated, with the present or estimated future traffic de- 
mand” (see under the heading, “Interrelation of Design Elements”’), the writer 
frequently encountered two interrelated problems for which no solution was 
readily available, either in the Manual or elsewhere, namely: (1) The determina- 
tion of the capacity of an unsignalized intersection and (2) the lack of a signal 
control warrant based on intersection capacity. The first of these problems 
would seem to offer opportunities for further research. It will, therefore, 
be presented here in the hope that some large organization with adequate 
facilities will deem it a worthwhile project since the massive volume of data 
required before a conclusion can be reached on a matter such as highway ca- 
pacity prevents an individual from undertaking the research himself. The 
second problem will be discussed also since the two are not readily separable. 

These problems usually occurred in the following manner: An intersection 
would be encountered which did not satisfy any of the warrants for signal 
control given in The Manual on Uniform Traffic Control Devices for Streets and 
Highways.t| However, if such an intersection were analyzed under the as- 
sumption that it was signalized, the result would indicate that the intersection 
was operating at, or near, its practical (and sometimes, its possible) capacity. 
That is, the total time required for all movements would approach 100%. 

In an attempt to determine, rationally, the reasons for the foregoing result, 
it appeared that the signal-control warrants bore little relationship to the 


‘capacity of the intersection, and that the unsignalized capacity was larger 


than the signalized capacity of a given intersection. Although, in the absence 
of any data, there were at least three distinct possibilities for the relationship 
of the capacities of signalized and unsignalized intersections: 


1. The unsignalized capacity of an intersection was larger than the signal- 
ized capacity (a very limited number of observations tend to favor this theory) ; 

2. The signalized and unsignalized capacity of an intersection were the 
same, within the limits of accuracy of traffic calculations; and 

3. The signalized capacity of an intersection was greater than the unsignal- 
ized capacity. 


Notre.—This paper by O. K. Normann was published in November, 1951, as Proceedings-Separate 
No. 105. The numbering of footnotes in this Separate is a continuation of the consecutive numbering used 
in the original paper. 

3D. B. Steinman, New York, N. Y. 

2 “Highway Capacity Manual,’’ by the Bureau of Public Roads, U. S. Dept. of Commerce, Washing- 
ton, D. C. 

‘Manual on Uniform Traffic Control Devices for Streets and Highways,” by the Bureau of Public 
Roads, U. 8S. Dept. of Commerce, Washington, D. C., 1948, Sections 159, 207-213, 234, 253. 
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2 NORMANN ON HIGHWAY CAPACITY 


Since a measure of the capacity of unsignalized intersections was not 
available, the following method of analysis, utilizing possibility 2, was applied 
whenever unsignalized intersections were encountered: 


a. The capacity of the intersection approaches was determined on the 
basis of the capacity charts and procedures for signalized intersections, as 
given in The Highway Capacity Manual, and elsewhere’; 

b. The actual traffic on each approach was compared with the capacity 
to determine the time required for each movement; 

c. If the time required totalled, say, 85% to 100%, signal control was 
warranted; and 

d. If the time required by any one approach was less than 20%, but the 
total time was within the 85% to 100% range, traffic actuated equipment 
was considered. 


If possibility 1 were true, and a measure of unsignalized intersection ca- 
pacity were available and had been substituted in step a, the procedure out- 
lined would have resulted in a reduction of intersection capacity below actual 
flow upon the installation of signal control. This hardly seems desirable. 

If possibility 3 were true, on the other hand, and a measure of unsignalized 
capacity had been used in step a, the resultant warrant would be most satis- 
factory since it would establish signal control and thus increase capacity as 
the unsignalized intersection approached its maximum flow. 

Were a measure of the capacity of unsignalized intersections available, 
comparison of it with the capacity of signalized intersections would decide 
whether possibility 1, 2, or 3 corresponded most closely to actuality. Once 
this was established it would be possible to analyze an unsignalized intersection 
and determine its influence upon the traffic flow of a city street system. It 
would also enable the traffic engineer to apply a realistic warrant for signal 
control, based on intersection capacity, as well as to have some foreknowledge 
of the result of its use. Thus it appears that research leading to a measure 
of the capacity of unsignalized intersections would be fruitful. 


O. K. Normann*®.—The remarks of Mr. Fieldhammer enlarge upon the 
subject matter of the paper beyond its originally intended scope; nevertheless, 
they are very pertinent. Of the three assumptions listed by him, only one 
can be valid for any particular intersection, but that one might be any of the 
three, depending upon the conditions at the intersections. Thus there are 
three classes of intersections, the first of which has an unsignalized capacity 
greater than if signalized. An example of this class would be a multi-lane 
arterial way on which relatively high speeds prevail (where unsignalized), inter- 
secting a minor cross street on which traffic is comparatively light. Such inter- 
sections occur most frequently in surburban areas. The free-flowing volume 
on the arterial way may be greatly in excess of the volume that could be accom- 
modated if the movement were interrupted for even a very short interval of 
time by a traffic signal. If a traffic signal should be installed for any one or 


5 Public Roads: A Journal of Highway Research, Vol. 26, No. 6, February, 1951. 


- C. Chf., Section of Traffic Operations, Bureau of Public Roads, U.S. Dept. of Commerce, Washington, 
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NORMANN ON HIGHWAY CAPACITY 


more of several reasons (such as failure of drivers on the arterial highway to 
yield the right of way to traffic on the minor street), the capacity of the major 
highway would be diminished. Should there be an insufficient increase in 
the volume on the cross street to offset the loss to the arterial:way, the capacity 
of the intersection would be decreased as a result of the installation. Further- 
more, the average delay per vehicle would be increased. Despite such economic 
losses, however, installations of this type are commonplace,’and_traffic depart- 
ments throughout the United States are besieged withZrequests for still more. 

In many instances, however, the capacity of the major facility is controlled 
by major intersections at other locations. In such a case, the installation oi a 
traffic signal at intermediate locations at minor roads might actually improve 
the traffic flow on the major facility if the signals are properly sychronized. 

The second assumption is believed to be correct for most intersections where 
streets are of moderate or narrow width and where vehicular speeds are rela- 
tively low, so that a driver wishing to enter the intersection from the cross 
street may feel reasonably sure that through traffic will yield the right of way 
and that the possibility of serious accident is slight. Another requirement 
would be that the traffic demand be less than the possible capacity of the 
intersection. If not, the intersection would most likely become completely 
blocked and traffic on all the approaches would come to a standstill. 

Should the volume of traffic approaching any intersection exceed that 
which is able to clear the intersection—that is, if it exceeds the possible capac- 
ity of the intersection—the third assumption would apply. It is a funda- 
mental principle of highway capacity that, when the number of vehicles 
attempting to use a facility exceeds the capacity of that facility under the 
prevailing conditions, traffic at some point will be at a standstill. The unregu- 
lated entry of vehicles into an intersection, may cause a demand exceeding 
the possible capacity of the intersection, with the result that the volume of 
traffic will reduce to zero and remain there until orderly movement has been 
restored. In most instances, a traffic signal will prevent the occurrence of 
complete congestion within the intersection and thereby improve its capacity 
when the volume is at or near its possible signalized capacity. Such was 
doubtless the objective in the initial development of traffic signals, which 
performed this mission so well that the signal was soon regarded as a panacea 
for all traffic ills. In retrospect, this may have been unfortunate in the sense 
that if signals had not become so commonplace it is conceivable that more 
attention might have been devoted to the development of proper speed-zoning 
regulations, more realistic right-of-way rules, and the invention of other regu- 
latory measures or devices that would have aided the flow of traffic at less 
hazard and without so seriously impairing street capacities. 

Accepting the theory that signals may either increase, decrease, or fail to 
alter the capacity of an intersection—depending upon the prevailing con- 
ditions—the question remains as to what application can be made of this 
knowledge. Except in so far as it may be of value in basing a signal warrant 
on intersection capacities, this question is perhaps of academic interest only. 
As a practical matter most intersections for which the traffic volume is suffi- 
ciently heavy to justify an investigation of their capacity are either signalized 
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4 NORMANN ON HIGHWAY CAPACITY 


or will become signalized. As soon as the volume of traffic at an unsignalized 
intersection approaches its capacity as a signalized intersection, signalization 
is almost certain to take place. There is little likelihood that the signal will 
be removed from any intersection that is already signalized. In short, if an 
intersection is unsignalized at present it probably will become signalized before 
its capacity is reached, and, if it is already signalized, it will probably remain 
thet way. Hence, the engineer, in computing capacities, should regard inter- 
sections as being signalized, whether or not the signal actually has been in- 
stalled. Aside from capacities his primary concern will be in signal warrants 
so that he can estimate the date at which a signal will be required. 

In the itemized steps a and b of his procedure, Mr. Fieldhammer has out- 
lined a method for allocating the green time for an imaginary signal installed 
at an unsignalized intersection. Once this has been accomplished, computation 
of the capacity of the intersection as if it were signalized is a relatively simple 
operation. As to the volume for which signal control is warranted, there 
appears to have been far too little factual research, but the proposal of Mr. 
Fieldhammer in item c seems realistic and plausible. For some time, it has 
been the writer’s contention that the traffic volume warrants for signal install- 
ations should be based on the relation between the traffic demand and the 
possible capacity of the intersection. The 85 percentile that Mr. Fieldhammer 
suggests may be desirable at intersections involving a major and a minor 
facility. With the traffic flow more evenly divided on the two facilities, how- 
ever, it would seem that a signal would be warranted at the intersection of 
two two-lane roads when the demand is less—possibly approximating 60% of 
the intersection’s capacity—and at a considerably lower percentage for the 
higher-capacity facilities with two or more traffic lanes for each direction of 
travel. 

In most instances where actuated control is at all feasible, better allocation 
of signal time can be obtained by using this device than is possible with fixed- 
time control. Mr. Fieldhammer proposes that, if the time required by any 
one approach is less than 20%, traffic-actuated control should be considered. 
It is doubtful that he intends to restrict consideration of traffic actuation 
within this limit, however, but rather to insure against the use of short green 
intervals of the order of 10 sec or 15 sec. Such practice is commendable, as 
green intervals shorter than 20 sec are undoubtedly less efficient than the longer 
intervals, and it is questionable whether the curves of Fig. 24 of The Highway 
Capacity Manual* can be applied properly where the green interval is shorter 
than 20 sec. At fixed-time installations it is sometimes practicable to adhere 
to the 20-sec minimum while retaining a low percentage of the total time by 
lengthening the total cycle. This is particularly true at isolated intersections. 
Instances are known of 100-sec cycles that have had little or no objection voiced 
against them. 


. 
‘ 
- 
‘ 
2 


Proceedings- 
Separate 
Number 


133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 


144A 
144B 


145 
146 


147 


162 


163 


CURRENT PAPERS AND DISCUSSIONS 


Date 
Available 


July, 


July, 
July, 


July, 


Aug., 


1952 


1952 


1952 


1952 


1952 


Aug., 1952 


Aug., 
Aug., 


Aug., 


Sept., 
Sept., 


Sept., 


Sept., 
Sept., 


Sept., 
Oct., 


Oct., 
Oct., 
Oct., 
Oct., 
Oct., 


Nov., 
Nov., 
Nov., 
Dec., 


Dec., 
Jan., 


Jan., 
Jan., 
Jan., 


Jan., 


1952 


1952 


1952 


1952 


1952 


1952 


1952 


1952 


1952 


1952 


1952 
1952 
1952 
1952 


1952 


1952 
1952 
1952 
1952 


1952 
1953 


Discus- 
sion 
Title and Author closes 
‘Uplift in Masonry Dams,”’ Final Report of the Subcommittee 

on Uplift in Masonry Dams of the Committee on Masonry 

Dams of the Power Division, 1951 
“Solution of an Hydraulic Problem by Analog Computer,”’ by R. 

BE. Glover, D. J. Herbert, and C. BR. Daum... .. Dec. 1 
“Application of Electronic Flow Routing Analog,’’ by Max A. 

“Steady-State Forced Vibration of Continuous Frames,”’ by C. T. 

“Construction of the Delaware Memorial Bridge,’’ by Homer R. 

“The Value and Administration of a Zoning Plan,’’ by Huber 

“Nonlinear Electrical Analogy for Pipe Networks,’’ by Malcolm 

“Irrigation Water Rights in the Humid Areas,’’ by Howard T. 

“Effect of Entrance Conditions on Diffuser Flow,’”’ by J. M. 

“Unconfined Ground-Water Flow to Multiple Wells,’’ by Vaughn 

‘‘Hydrodynamic Problems in Three Dimensions,’’ by P. G. Hub- 

‘‘Aerodynamic Stability of Suspension Bridges,’’ Progress Report 

of the Advisory Board on the Investigation of Suspension 

“Torsion of I-Type and H-Type Beams,” by John E. Goldberg...... Feb. 1 
“Electrical Analogies and Electronic Computers: Surge and Water 

Hammer Problems,’’ by Henry M. Paynter................-+-0+- Feb. 1 
“The Delaware Memorial Bridge: Design Problems,’’ by Charles 

H. Ciarahan, Jr.,.and Mimoer Tumby « Feb. 1 
“Bank Stabilization by Revetments and Dikes,”’ by Raymond H. 

“Industrial Waste Treatment in Iowa,’’ by Paul Bolton............ Mar. 1 
“East St. Louis Veterans Memorial Bridge,’ by A. L. R. Sanders....Mar. 1 
“Topographic Mapping in Kentucky,’’ by Phil M. Miles........... Mar. 1 
“‘Methods for Making Highway Soil Surveys,’’ by K. B. Woods..... Mar. 1 
“Characteristics of Fixed-Dispersion Cone Valves,’”’ by Rex A. 

‘A Navigation Channel to Victoria, Tex.,’’ by Albert B. Davis, Jr. ....Apr. 1 
“Field Study of a Sheet-Pile Bulkhead,’’ by C. Martin Duke....... Apr. 1 
“Rice Irrigation in Louisiana,’’ by E. E. Shutts ................... Apr. 1 
‘Radial Impact on an Elastically Supported Ring,’’ by Edward 

“‘Flexure of Double Cantilever Beams,’’ by F. E. Wolosewick....... May 1 
“Development of a Flood-Control Plan for Houston, Tex.,’’ by 

“Tee Pressure Against Dams: Studies of the Effects of Tempera- 

ture Variations,’ by Bertil Liiquist. .... June 1 
“‘Iee Pressure Against Dams: Some Investigations in Canada,” by 

“‘Iee Pressure Against Dams: Experimental Investigations by the 

Bureau of Reclamation,” by G. E. Monfore..................... June 1 


“A Comparison of Design Methods for Airfield Pavements,” 
Progress Report of the Committee on Correlation of Runway 
Design Procedures of the Air Transport Division................. June 


j : 
; 
i 
a 
Bi x 
148 a 
149 
150 
151 
152 
154 
155 
156 
157 
159 
161 1953 
|| 1953 
1953 
} 


AMERICAN SOCIETY OF CIVIL ENGINEERS 


OFFICERS FOR 1952 


PRESIDENT 
WALTER LEROY HUBER 


VICE—PRESIDENTS 


Term expires October, 1953: Term expires October, 1954: 
BURPEE EDMUND FRIEDMAN 


A M RAWN 


Term expires January, 1958: 


OTTO HOLDEN 
FRANK L. WEAVER 
GORDON H. BUTLER 
GEORGE W. LAMB 
EDWARD C. DOHM 


G. BROOKS EARNEST 


DIRECTORS 
Term expires October, 1953: Term expires October, 1954: 
KIRBY SMITH WALTER D. BINGER 
FRANCIS S. FRIEL FRANK A. MARSTON 
WALLACE L. CHADWICK GEORGE W. McALPIN 
NORMAN R. MOORE JAMES A. HIGGS 
BURTON G. DWYRE I. C. STEELE 
LOUIS R. HOWSON WARREN W. PARKS 


Term expires October, 1955: 


CHARLES B. MOLINEAUX 
MERCEL J. SHELTON 


PAST-PRESIDENTS 
Members of the Board 


GAIL A. HATHAWAY CARLTON §S. PROCTOR 


TREASURER 


EXECUTIVE SECRETARY 


CHARLES E. TROUT WILLIAM N. CAREY 
ASSISTANT TREASURER ASSISTANT SECRETARY 
GEORGE W. BURPEE E. L. CHANDLER 


PROCEEDINGS OF THE SOCIETY 


SYDNEY WILMOT 


Manager of Technical Publications 


HAROLD T. LARSEN » 


Editor of Technical Publications 


DEFOREST A. MATTESON, JR. 
Assoc. Editor of Technical Publications 


COMMITTEE ON PUBLICATIONS 


LOUIS R. HOWSON 


FRANCIS S. FRIEL GLENN W. HOLCOMB 


I. C. STEELE 


FRANK A. MARSTON 
NORMAN R. MOORE 


: 
¥ 
| 
Ae 
ae 


